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(54) Reference dock generation circuit 



(57) A pulse interval time measurement block 
receives a synchronizing signal, and a reference clock 
signal, which reference clock signal is provided from a 
resistance value control oscillator, and counts the pulse 
time interval in the synchronizing signal in accordance 
with the reference dock signal. The count data is latched 
and supplied to a converter, which generates a resist- 
ance value based on the count data. The frequency of 
the reference clock signal is set to be equal to that of the 



synchronizing signal multiplied by the predetermined 
number, based on the resistance value. The latched data 
is stored until it is updated by the data of the next syn- 
chronizing signal. Even when the synchronizing signal is 
supplied over a short period of time or its cycle is 
changed, the pulse interval is automatically measured, 
and it is possible for the frequency of the reference clock 
signal to be set to be equal to that of the synchronizing 
signal multiplied by the predetermined number. 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION s 

This invention relates to a reference clock genera- 
tion circuit for generating a reference dock based on, for 
example, an inputted digital signal. 

DESCRIPTION OF THE RELATED ART 

Currently, with a floppy disk unit or a data streamer 
unit for the backup of data stored in a hard disk unit, dig- 
ital data are recorded on a storage medium such as a 
floppy disk or a cartridge tape with a format configuration 
as shewn in FIG. 7. 

In general, on the magnetic storage media, one or 
more segments are formed onto each track, and the con* 
figuration of one segment on the magnetic storage media 
is shown in FIG. 7 A. One segment is comprised of a 
header, sectors, and a gap. The header is an area which 
is used in older to make the data recorded in the sectors 
are read appropriately. The sectors are areas where the 
data are recorded. The gap is a blank which separates 
the next segment. 

The header is constructed as shown in FIG. 7B, 
where the "GAP" represents a blank area and the 
"SYNC" represents a synchronizing signal. The "IAM" 
represents an index address mark which indicates the 
header. 

The sector is comprised of an ID portion and a data 
portion as shown in FIG. 7C. An attribute for the sector 
is recorded in the ID portion, and data are recorded in 
the data portion. The "GAP" represents a blank area, and 
the "SYNC" represents a synchronizing signal. The 
"I DAM" is an ID address mark which indicates the ID por- 
tion, and ID information such as a sector number and the 
length of the data are recorded in the "ID information" 
area. The "CRC" represents a cyclic code which is used 
for error detection. The "DAM" in the data portion repre- 
sents a data address mark which indicates the data por- 
tion, and data are recorded in the "DATA" area. 

When a data signal is recorded on the magnetic stor- 
age medium in the format configuration, the data signal 
is modulated by a FM method or a MFM method in order 
to be recorded on the magnetic storage medium. 

For one bit of the data signal, the signal is generated 
in a unit which is called a bit cell. In the FM method, a 
clock pulse is recorded at the head of each bit cell, and 
a data pulse is recorded in the middle of each bit cell. In 
the MFM method, the data pulse is recorded in the mid- 
dle of each bit cell, and the dock pulse is recorded at the 
head of the relevant bit cell only when no data are 
recorded (the data is "0") in the current and present bit 
cells. 

FIG. 8 shows data signals modulated by the FM and 
MFM methods. With the FM method, the data signal DT 
shown in FIG. 8A is converted into a recording signal 



FWS shown in FIG. 8B, where the reference character 
"C" on the recording signal FWS represents the dock 
pulse and the reference character "D" represents the 
data pulse. With the MFM method, the data signal DT is 
converted into a record ng signal MWS shown in FIG. 
8C, where the reference character "C" on the recording 
signal FWS also represents the dock pulse and the ref- 
erence character "D" also represents the data pulse. 

With the MFM method, when the time intervals 
between the bit cells of the recording signal MWS shown 
in FIG. 8C are shortened by half, the time intervals are 
equal to those in the FM method, and it is possble to 
record the data at a density level double that of the FM 
method. Accordingly, when the digital data are recorded 
in the high density, the data are generally recorded using 
the MFM method. 

FIG. 9 shows a construction of a conventional mag- 
netic recording storage medium playback apparatus 
which plays back the data signal from a magnetic storage 
medium and provides a playback signal. The data signal 
is recorded at a transmission speed of. for example. 1 
megabit/second (the interval between the bit cells = 1 u. 
s). 

A recording signal WD into which the data signal DT 
is modulated, is supplied to a flip-flop 1. The flip-flop 1 
generates a recording current control signal RC in which 
the logic level is inverted, synchronized with a rise of the 
recording signal WD. The recording current control sig- 
nal RC is supplied to a write amplifier 2. The write ampli- 
fier 2 generates a recording current Wl based on the 
recording current control signal RC. which is then sup- 
plied to a magnetic head 3. The magnetic head 3 gener- 
ates a residual flux based on the recording current Wl 
which is recorded on a magnetic storage medium (not 
shown). 

When the magnetic storage mecfium on which the 
data signal DT is recorded, is played back, the magnetic 
storage medium (not shown) is played back using the 
magnetic head 3, so that a playback signal RS Is output- 
ted from a pre-ampl if ier 4. The playback signal RS is sup- 
plied to a differentiator 5, an integrator 6. and a direct 
current signal generator 7. 

The differentiator 5 differentiates the playback signal 
RS, generating a differentiated signal DRS. In order to 
correct a peak shift descrfoed below, the integrator 6 inte- 
grates the playback signal RS in order to provide an inte- 
grated signal IRS, and the direct current signal generator 
7 generates a direct current signal DCR based on the 
playback signal RS. 

The integrated signal IRS and the direct current sig- 
nal DCR are supplied to an adder 8. which provides an 
added signal MID and such signal is provided and is sup- 
plied to a subtracter 9. The subtracter 9. upon receiving 
the differentiated signal DRS from the differentiator 5. 
subtracts the added signal MID from the differentiated 
signal DRS to produce a synthesized signal MRS. The 
synthesized signal MRS is supplied to a zero-voft com- 
parator 10. 
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The zero-volt comparator 10 outputs the compari- 
son signal CRS at a high level "H" when the synthesized 
signal MRS is above 0 vote, and outputs the comparison 
signal CRS at a low level "L" when the synthesized signal 
M RS is below 0 volts. The comparison signal CRS is sup- 
plied to a pulse shaping circuit 1 1 . 

The pulse shaping circuit 11 generates a pulse sig- 
nal synchronized with an inverted signal level of the com- 
parison signal CRS and provides a read signal RD. 

Referring to FIG. 10, the operation of the magnetic 
storage medium playback apparatus is descrfoed betow. 
FIG. 10A shows the recording signal WD. At point t1, 
when the recording signal WD is increased to the high 
level H. the record ng current control signal RC outputted 
from the flip-flop 1 shown in FIG. 10B, is inverted from 
the high level H into the lew level L Based on the record- 
ing current control sipial RC, the recording current Wl 
at " I" is supplied to the magnetic head 3 as shown in 
FIG. 10C so that the signal can be recorded on the mag- 
netic storage medium. 

At point t2 after one bit cell period has passed, when 
the recording signal WD is increased to the high level H, 
the recording current control signal RC is inverted into 
the high level H, and the recording current Wl at is 
supplied to the magnetic head 3 so that the signal is 
recorded on the magnetic storage medium. 

Thereafter, the recording current control signal RC 
is inverted, synchronized with the inversion of the record- 
ing signal WD, and the recording current Wl at or 
is supplied to the magnetic head 3 so that the signal can 
be recorded on the magnetic storage medium. 

When the signal recorded on the magnetic storage 
medium is played back with the magnetic head 3, the 
playback signal RS shown in FIG. 10D is outputted from 
the preamplifier 4. For example, when a datum at the 
position on the magnetic storage medium at point tl is 
played back, the playback signal RS at point t5 is output- 
ted, and when a datum at the position at point t2, the 
playback signal RS at point t6 is outputted. 

The playback si(pial RS is supplied to the differenti- 
ator 5, where the differentiated signal DRS shown in FIG. 
1 0E is generated. The adder 8 adds the integrated signal 
I RS from the integrator 6 to the direct current signal D CR 
from the direct current generator 7 in order to provide the 
added signal MID shown in FIG. 10F. The subtracter 9 
subtracts the added signal MID from the differentiated 
signal DRS in order to provide a synthesized signal MRS 
as shown in FIG. 10G. 

The synthesized signal MRS is compared with 0 
volts in the zero-volt comparator 10. For example, the 
synthesized signal MRS between points t5 and t6 is 
above 0 volts, and the comparison signal CRS at the high 
level H is outputted from the zero-volt comparator 10. 
Where rt is less than 0 volts between points t6 and t7, 
the comparison signal CRS at the low level L is outputted. 

The comparison signal CRS is supplied to the pulse 
shaping circuit 11, which generates a pulse signal for a 
predetermined length of time, synchronized with the 



inversion of the signal level of the comparison signal 
CRS in order to provide the read signal RD. 

When a unit of datum on the magnetic storage 
medium positioned at point t3 is played back, the peak 

5 signal level of the playback signal RS is determined to 
be the earlier point t8, rather than point t9 which corre- 
sponds to point t3 due to the abeve-desenbed peak shift. 

A peak shift is described below with reference to 
FIG. 1 1 . When the recording signal WD1 shown in FIG. 

10 1 1 A includes only the pulse signal "a", the recording cur- 
rent WI1 shown in FIG. 1 1 B is switched from "+l" to "-I". 
synchronized with a rise of the pulse signal "a", and the 
signal is recorded on the magnetic storage medium. The 
playback signal RS1 from the magnetic storage medium 

is which is outputted from the pre-amplrfier 4 corresponds 
to the signal defined by the dashed line "a" in FIG. 1 1 C. 

When the recording signal WD1 includes only the 
pulse signal V, the recording current WI1 is switched 
from to "+r, synchronized with a rise of the pulse sig- 

20 nal "b", and the signal is recorded on the magnetic stor- 
age medium. The playback signal RS1 from the 
magnetic storage medium corresponds to the signal 
defined by the dashed line "b". 

When the recording signal WD1 includes the pulse 

25 signals "a" and "b", the recording current WI1 is switched 
from "+l" to "-P, synchronized with a rise of the pulse sig- 
nal "a", and is thereafter switched from "-I" to "+I". syn- 
chronized with a rise of the pulse signal "b", and the 
signal is recorded on the magnetic storage medium. The 

30 playback signal RS1 from the magnetic storage medium 
corresponds to the signal defined by the solid line "c" 
over which the signals defined by the dashed lines "a" 
and V are overlaid. As a result, the peak signal level of 
the playback signal RS is shifted from point ta (when the 

35 playback signal RS includes only the pulse signal "a") to 
point tc and is shifted from point tb (when the playback 
signal RS includes only the pulse signal V) to the point 
td. Accordingly, when the peak value of the signal level 
of the playback signal RS is detected from the read signal 

40 RD1, the playback signal WD1 cannot be correctly 
played back because the pulse signals "a" and "b" in the 
recording signal WD 1 shown in FIG. 1 1 D are determined 
to be pulse signals "a" and V. 

With the MFM method, there are six kinds of signal 

45 patterns which cause the peak shift as shown from FIG. 
12A to 12F, where the arrows represent the direction in 
which the pulse signal is shifted by the peak shift The 
time values expressed in the figure are based on a data 
transmission speed of 1 megabit/second (the interval 

so between the bit cells = 1 ji s). 

The peak shift in the playback signal RS of which the 
peak signal level is determined at points t8 shewn in FIG. 
10, is corrected by the calculation of subtracting the 
added signal MID from the differentiated signal DRS. 

55 Accordingly, the synthesized signal MRS is 0 volts at 
point t9, which corresponds to point ©, so that the read 
signal RD which is equal to the recording signal WD is 
obtained. As described above, it is possible to obtain the 
read signal RD which is equal to the recording signal WD 
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from the playback signal RS by the detection of the peak 
signal level in the playback signal RS and the peak shift 
correction. 

When the data signal DT is demodulated from the 
read signal RD, the clock pulse and the data pulse are s 
separated, and a data signal DT is generated, based on 
the obtained data pulse signal DP FIG. 13 shows con- 
struction of a data separation block for separating the 
clock pulse and the data pulse from the read signal RD. 

In FIG. 1 3, the read signal RD is suppfied to a phase io 
detector 21 in a PLL circuit 20 and to a data separator 
30 . The phase detector 2 1 receives a reference clock sig- 
nal CLK which is outputted from a voltage control oscil- 
lator 23 described below, compares the phase of the 
synchronizing signal in the data aerial of the format con- is 
figuration shewn in FIG. 7 with the phase of the reference 
clock signal CLK, and provides a phase difference signal 
through afifter 22 to the voltage control oscillator 23. With 
the voltage control oscillator 23, the frequency of the ref- 
erence dock signal CLK is controlled using the provided 20 
phase difference signal. As described above, the refer- 
ence clock signal CLK is controlled using the synchro- 
nizing signal. 

The reference clock signal CLK from the voltage 
control oscillator 23 is supplied to the data separator 30 2s 
which also receives the read signal RD. The reference 
clock signal CLK is used as a data window signal WP for 
separating the clock pulse and the data pulse from the 
read signal RD. The operation of the data separator 30 
is described below with reference to FIG. 14. 30 

FIG. 1 4A shows the read signal RD, in which the ref- 
erence character "C" represents the clock pulse and the 
reference character "D" represents the data pulse. When 
the data pulse in the read signal RD is supplied to the 
data separator 30 at point til. the data pulse is deter- as 
mined to be valid since the data window signal WP (= 
the reference clock signal CLK) is set to the high level H. 
When the clock pulse in the read signal RD is supplied 
to the data separator 30 at point tl 2, the clock pulse is 
determined to be invalid since the data window signal 40 
WP is set to the low level L As described above, the data 
pulse signal DP shown in FIG. 1 4C is generated from the 
valid data pulse of the read pulse RD. Further, the data 
signal DT is generated using the data pulse signal DP. 

Within the PLL circuit currently in use, the phase of 45 
the input digital signal is compared with that of the refer- 
ence clock outputted from the voltage control oscillator, 
and the reference clock signal is generated based on the 
input cfigHal signal using the feedback of the phase dif- 
ference signal to the voltage control oscillator. However, so 
when the synchronizing signal in the data signal of the 
format configuration shown in FIG. 7. is supplied as the 
input signal, the voltage control oscillator cannot easily 
generate the reference clock signal, based on the syn- 
chronizing sipial supplied over a short period of time 55 
because the synchronizing signal is outputted over such 
a short period prior to the output of the ID information 
and the data. 



For example, because the rotation speed is greatly 
changed with the floppy disk unit, the capture range and 
the lock range in the PLL circuit preferably have a wide 
frequency, but it is difficult to widen the frequency ranges 
for the capture range and the lock range. 

OBJECT AND SUMMARY OF THE INVENTION 

The object of the present invention is to provide an 
improved reference dock generation circuit which can 
easily generate a reference clock signal based on an 
input cfigHal signal even when the input digital signal is 
supplied over a short period of time, and which can adjust 
the cycle for the reference clock signal even if the input 
digital signal cycle is changes. 

In one aspect of the present invention, within a ref- 
erence clock generation circuit a resistance value con- 
trol oscillator generates a reference clock signal. A time 
measurement means measures a pulse interval in an 
input digital signal, based on the reference clock signal. 
A resistance value variable means varies the resistance 
value, based on the pulse interval measured by such 
time measurement means. A control means controls the 
frequency of the reference clock signal so as to make it 
equal to the frequency of the input cfigrtal signal multiplied 
by a predetermined number. 

According to the present invention, the pulse interval 
of an input digital signal is measured based on the ref- 
erence clock signal provided from a resistance value 
control oscillator, the resistance value of the resistance 
value control oscillator is varied, and the frequency of the 
reference dock signal is set equal to the frequency of the 
input cfigrtal signal multiplied by a predetermined 
number. 

Accordingly, when the input digital signal is supplied 
over a short period of time or its cycle is changed, the 
pulse interval is automatically measured, and it is possi- 
ble to control the frequency of the reference clock signal 
in order to make it equal to the frequency of the input 
signal multiplied by the predetermined number. 

Additional objects and advantages of the present 
invention will be apparent from the following detailed 
description of a preferred embodiment thereof, which is 
best understood with reference to the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a construction of 
a storage medium playback apparatus using a peak 
detection circuit in a preferred embodiment accord- 
ing to the present invention; 
FIG. 2 is a diagram showing the operation of the 
peak detection circuit in the present invention; 
FIG. 3 is a block diagram showing a construction of 
a peak shift correction circuit in the present inven- 
tion; 

FIG. 4 is a diagram showing the operation of the 
peak shift correction drcurt in the present invention; 
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FIG. 5 is a diagram showing the operation off the 
peak shift correction circuit in the present invention; 
FIG. 6 is a block diagram showing a construction of 
a reference clock generator circuit in the present 
invention; 

FIG. 7 is a diagram showing a format configuration 
currently in use; 

FIG. 8 is a diagram showing data signals ffor the FM 
method and for the MFM method currently in use; 
FIG. 9 is a block diagram showing a construction of 
a magnetic storage medium playback apparatus in 
the prior art; 

FIG. 10 is a cfiagram showing the operation of the 
magnetic storage mecfium playback apparatus in the 
prior ait 

FIG. 11 is a diagram showing a peak shift in the prior 
art; 

FIG. 12 is a diagram shewing signal patterns which 
cause peak shifts; 

FIG. 13 is a cfiagram shewing a construction of a 
data separator block in the prior art; and 
FIG 14 is a block diagram shewing the operation of 
the data separator in the prior art. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

A peak detection circuit in a preferred embodiment 
according to the present invention is described below 
with reference to FIG. 1. In FIG. 1. the same reference 
numbers are employed to designate like portions shown 
in FIG. 9 and no additional detailed description is made. 

A playback signal RS outputted from a pre-ampMier 
4 is supplied to a delay amplifier 41 , an upper-limit noise 
comparator 42, a lower-limit noise comparator 44, and a 
comparator 46. With the delay amplifier 41, the playback 
signal RS is delayed tor a predetermined time t, and the 
delayed playback signal RSD is provided to the compa- 
rator 46. 

The comparator 46 compares the delayed playback 
signal RSD with the playback signal RS. A comparison 
signal CRS2 which indicates the result of the comparison 
is supplied to a pulse adjustment circuit 47. 

The upper-limit noise comparator 42 compares the 
playback signal RS with a upper-limit threshold signal UL 
which is supplied from a upper-limit threshold generator 
43. An upper-limit comparison signal UE which indicates 
the result of the comparison is supplied to the pulse 
adjustment circuit 47. 

Similarly, the lower-limit noise comparator 44 com- 
pares the playback signal RS with a lower-limit threshold 
signal LL which is supplied from a lower-limit threshold 
generator 45. A lower-limit comparison signal LE which 
indicates the result of the comparison is supplied to the 
pulse adjustment circuit 47. 

The pulse adjustment circuit 47 generates a peak 
detection signal PC, synchronized with the inversion of 
the signal level of the comparison signal CRS2 provided 
from the comparator 46. When the playback signal RS 
falls between the range of the upper-limit threshold signal 



UL and the lower-limit threshold signaJ LL, based on the 
upper-limit comparison signal UE and the lower-limit 
comparison signal LE. the peak detection signal PC is 
determined to be invalid. Accordingly, when the signal 

5 level of the playback signal RS is greater than that of the 
upper-limit threshold signal UL or less than that of the 
lower-limit threshold signal LL, the read signal RD is gen- 
erated based on the valid peak detection signal PC, and 
is outputted from the pulse adjustment circuit 47. 

io The operation of the peak detection circuit is 
descrtoed below with reference to FIG 2. FIG. 2A shows 
the playback signaJ RS and the delayed playback signal 
RSD, which is delayed for the predetermined time x from 
the playback signal RS. 

is When the signal level of the playback signal RS is 
less than that of the delayed playback signaJ RSD at point 
121, the comparison signal CRS2, shewn in FIG. 2B 
which is provided from the comparator 46, is inverted 
from the high level H to the low level L The peak detec- 

20 tion signal PC shewn in FIG. 2C is generated synchro- 
nously with the inversion ot the comparison signal CRS2. 
At that point, the peak detection signaJ PC is determined 
to be valid since the signal level of the playback signaJ 
RS is greater than that of the upper-limit threshold signaJ 

25 UL 

When the signaJ level of the playback signaJ RS is 
greater than that of the delayed playback signal RSD at 
point t22, the comparison signal CRS2, shewn in FIG. 
2B. which is provided from the comparator 46, is inverted 
30 from the low level L to the high level H. The peak detec- 
tion signaJ PC is generated synchronously with the inver- 
sion of the comparison signal CRS2. At that point, the 
peak detection signaJ PC is determined to be valid since 
the signaJ level of the playback signaJ RS is less than that 
35 of the lower-limit threshold signal LL 

When the comparator 46 makes an incorrect deter- 
mination, due to noise and so on, that the signaJ level of 
the playback signal RS is less than that of the delayed 
playback signal RSD at point 123, the comparison signaJ 
40 CRS2 is inverted from the high level H to the low level L 
and the peak detection signal PC is generated. At that 
point, the peak detection signal PC is determined to be 
invalid since the signaJ level of the playback signal RS 
fells within the range between the upper-limit threshold 
45 signal UL and the lower-limit threshold signal LL 

The read signaJ RD shown in FIG. 2D is generated 
using the valid peak detection signaJ PC. 

According to the present invention, the peak detec- 
tion signal PC can be easily generated without adjust- 
so merit of the characteristic of the differentiator. Further, 
the peak detection signal PC can be generated inde- 
pendently of influence from a change in frequency and 
in signal level of the playback signal RS because the 
playback signaJ RS is compared with the delayed play- 
55 back signaJ RSD. The error-free read signal RD can be 
outputted from the pulse adjustment circuit 47 because 
the peak detection signaJ PC is determined to be invalid 
even if the result of the comparison is accidentally 
inverted due to noise when the signaJ level of the play- 
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back signal RS falls within the range between the upper- 
limit threshold signal UL and the lower-limit threshold sig- 
nal LL 

Further, in the above embodiment, when a full-wave 
rectified playback signal RS is supplied to the delay s 
amplifier 41 and the comparator 46, the peak detection 
droit can be constructed without using the lower-limit 
noise comparator 44 and the lower-limit threshold gen- 
erator 45. When the delayed playback signal RSD is sup- 
plied to the upper-limit noise comparator 42 and the w 
lower-limit noise comparator 44, or when the full-wave 
rectified playback signal RS or the signal provided from 
the delay amplifier 41 receiving the signal RS is supplied 
to the upper-limit noise comparator 42, the peak detec- 
tion signal PC can also be determined to be valid or is 
invalid, and accordingly, it can be determined from these 
signals whether or not the signal level of the playback 
signal RS falls within the range between the predeter- 
mined levels. 

Further, the signal supplied to the peak detection cir- 20 
curt is not Bmrted to the playback signal from the magnetic 
storage medium, and may include, for example, a play- 
back signal from an optical-magneto disk. Accordingly, 
the peak detection circuit can be used not only for the 
magnetic storage medium playback apparatus, but also 2s 
for other storage medium playback apparatus. 

The read signal RD based on the peak detection sig- 
nal PC is supplied to a peak shift correction circuit for 
correcting the peak shift described above. The construc- 
tion of a peak shift correction circuit in a preferred 30 
embodiment according to the present invention is 
described below with reference to FIG. 3. 

The read signal RD is supplied to a data pulse width 
correction block 51, and is converted into a signal RDC 
having a predetermined width (for example, 62.5 ns), ss 
based on a reference clock signal CLK1 provided from 
a reference dock generation drcuit 75 described below. 
The converted read signal RDC is supplied to an 8-bit 
shift register 52. Shift registers 53 to 63 described below 
are also 8-bit shift registers. Although not shown, the ref- 40 
erence dock signal CLK1 is not only supplied to the data 
pulse width correction block 51, but also supplied tothe 
shift registers 52 to 63, pattern correction blocks 70 and 
71 , and a data separator 73. 

The converted read signal RDC supplied from the 45 
data pulse width correction block 51, is successively 
transmitted through the shift registers 52 to 55, based on 
the reference clock signal CLK1, and is oulputted as 6- 
bit parallel data from each of the shift registers 52 to 55. 
The converted read signal RDC transmitted in order from so 
the shift register 54 is supplied to the shrft register 55 and 
also to the pattern correction block 70. The parallel data 
outputted from the shift registers 52 to 55 are supplied 
to a pattern detection block 72. 

In the pattern correction block 70, the converted ss 
read signal RDC is transmitted in order to the shift reg- 
ister 56, based on the reference dock signal CLK1 , in a 
fashion similar to that for the shift registers 52 to 55. 



The converted read signal RDC supplied to the shift 
register 56 is transmitted successively through the shift 
registers 56 to 60, based on the reference dock signal 
CLK1 . and is outputted as 8-bit parallel data from each 
of the shift registers 56 to 60. The converted read signal 
RDC transmitted in order from the shift register 59 is sup- 
plied to the shift register 60 and to the pattern correction 
block 71. The parallel data outputted from the shift reg- 
isters 56 to 60 are supplied to a pattern detection block 
72. 

In the pattern correction block 71, the converted 
read signal RDC is transmitted in order to the shift reg- 
ister 61, based on the reference dock signal CLK1 . The 
converted read signal RDC is transmitted successively 
through the shift registers 61 to 63 and is outputted as 
8-bit parallel data from each of the shift registers 61 to 
63 to the pattern detection block 72. 

In the pattern detection block 72, it is determined 
from the parallel data supplied from the shift registers 52 
to 59 whether or not the converted read signal RD C cor- 
responds to a signal pattern which causes the peak shift. 
When the signal RDC is determined to be a signal pat- 
tern which causes the peak shift, a correction signal PA1 
is provided to the pattern correction block 70. 

In the pattern correction block 70, the converted 
read signal RDC stpplied from the shift register 54 is 
replaced by a signal for which time intervals are cor- 
rected, based on the correction signal PA1 . The replaced 
signal is transmitted in order as a corrected converted 
read signal RDC to the shift register 56. 

Further, in the pattern detection block 72, it is deter- 
mined from the parallel data supplied from the shift reg- 
isters 56 to 63 whether or not the converted read signal 
RDC corresponds to the signal pattern which causes the 
peak shift When it is determined that the signal RDC 
corresponds to the signal pattern which causes the peak 
shift, a correction signal PA2 is provided to the pattern 
correction block 71. 

In the pattern correction block 71, the converted 
read signal RDC supplied from the shift register 59 is 
replaced by a signal for which time intervals are cor- 
rected, based on the correction signal RA2. The replaced 
signal is transmitted in order as a corrected converted 
read signal RDC to the shift register 61 and the data sep- 
arator 73. 

In the pattern detection block 72, it is determined 
based on the parallel data suppli ed from the shift regis- 
ters 52 to 59 whether or not the converted read signal 
RDC corresponds to a signal pattern for the synchroniz- 
ing signal in the format configuration shown in FIG. 7. 
When it is determined that the signal RDC corresponds 
to the signal pattern of the synchronizing signal, the syn- 
chronizing signal SC is demodulated and is supplied to 
the reference clock generation drcuit 75. The reference 
dock generation drcuit 75 is described later. 

The operation of the peak shift correction drcuit is 
described below in reference to FIG. 4 and FIG. 5. 

Referring to FIG. 4 and Fia 5. FIG. 4A and FIG. 5A 
show the shift registers 52 to 63 and the pattern correc- 
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tion blocks 70 and 71 . When the data is piayed back from 
the magnetic storage medium, the converted read signal 
R DC is successively transmitted through the shift regis- 
ters 52 to 63 synchronously with the reference dock sig- 
nal CLK1 . Because the shift registers 52 to 63 are 8-bit 5 
shift registers, when the reference dock signal CLK1 is 
62.5 ns, the converted read signal RDC, with a period of 
0.5 n s, is outputted as a parallel data from each of the 
shift registers 52 to 63. 

The converted read signal RDC is successively 10 
transmitted, and as shown in FIG. 4B, when the output 
from the fifth stage of the shift register 52 is set to the 
high level H and the pattern detection block 72 detects 
the signals at the high I eve! H with regard to the output 
of parallel data from each of the shift registers 54, 56, is 
and 58, and when there is no signal for the high level H 
in the parallel data from the shift registers 53, 55, 57, and 
59, it is determined that the converted read signal RDC 
corresponds to the signal pattern of the synchronizing 
signal. At that point, the synchronizing signal SC is 20 
demodulated from the converted read signal RDC, and 
is supplied to the reference clock generation circuit 75. 

As shown in FIG. 4C, when the output from the f ifth 
stage of the shift register 53 is set to the high level H and 
the pattern detection biock 72 detects the signals at the 2s 
high level H with regard to the output of parallel data out- 
putted from the shift registers 55 which is prior to the shift 
register 53 by1 \i sand from the shift registers 59 which 
is prior to the shift register 55 by 2 |i s and when there is 
no signal for the high level H in the parallel data outputted 30 
from each of the shift registers 52, 54, 56. 57, and 58 
(corresponding to the signal pattern shown in FIG. 12A 
which causes the peak shift), the signal of the pattern 
correction block 70 is changed into the signal for the time 
intervals which are corrected as shown in FIG. 4D. The 35 
changed signal is transmitted in order to the shift register 
56. 

Similarly, FIG. 4E shows the signal corresponding to 
the signal pattern shown in FIG. 12B which causes the 
peak shift. When the output from the fifth stage of the 40 
shift register 53 is set to the high level Hand the pattern 
detection block 72 detects the signals at the high level H 
with regard to the parallel data outputted from the shift 
registers 55 and 58 and there is no signal for the high 
level H in the output of parallel data from each of theshrft 45 
registers 52, 54, 56. 57, and 59. the signal of the pattern 
correction block 70 is changed into a signal for the time 
intervals which are corrected as shown in FIG. 4F. 

FIG. 4G shows the signal corresponding to the sig- 
nal pattern shown in FIG. 12C which causes the peak so 
shift. When the output from the fifth stage of the shift reg- 
ister 52 is set to the high level H and the pattern detection 
block 72 detects the signals at the high level H with 
regard to the output of parallel data from the shift regis- 
ters 55 and 59 and there is no signal for the high level H ss 
with regard to the output of parallel data from each of the 
shift registers 53, 54. 56. 57. and 58. the signal of the 
pattern correction block 70 is changed into a signal for 



the time intervals which are corrected as shown in FIG. 
4H. 

FIG. 5B shows the signal corresponding to the signal 
pattern shown in FIG. 12D which causes the peak shift 
When the output from the fifth stage of the shift register 

62 is set to the high level H and the pattern detection 
block 72 detects the signals at the high level H with 
regard to the output of parallel data outputted from the 
shift registers 56 and 60 and no signal at the high level 
H in the parallel data outputted from each of the shift reg- 
isters 57. 58. 59, and 61, the signal of the pattern cor- 
rection block 71 is changed into a signal of which time 
intervals are corrected as shown in FIG. 5C. The 
changed signal is transmitted in order to the shift register 
61 and the data separator 73. 

FIG. 5D shows the signal corresponding to the sig- 
nal pattern shown in FIG. 12E which causes the peak 
shift. When the output from the fifth stage of the shift reg- 
ister 62 is set to the high level Hand the pattern detection 
block 72 detects the signals at the high level H with 
regard to the output of parallel data from each of the shift 
registers 57 and 60 and no signal at the high level H in 
the parallel data outputted from each of the shift registers 
56. 58, 59. and 61. the signal of the pattern correction 
block 71 is changed into a signal for the time intervals 
which are corrected as shown in FIG. 5E. 

FIG. 5F shows the signal corresponding to the signal 
pattern shown in FIG. 12F which causes the peak shift. 
When the output from the fifth stage of the shift register 

63 is set to the high level H and the pattern detection 
block 72 detects the signals at the high level H with 
regard to the output of parallel data outputted from the 
shift registers 56 and 60 and when there is no signal for 
the high level H in the parallel data outputted from each 
of theshrft registers 57, 58, 59, 61, and 62, the signal of 
the pattern correction block 71 is changed into a signal 
for the time intervals which are corrected as shown in 
FIG. 5G. 

As described above, the converted read signal RDC 
based on the peak detection signal PC is successively 
transmitted through the shrft registers 52 to 63, the signal 
pattern is detected by the pattern detection block 72 
based on the parallel data outputted from the shift reg- 
isters 52 to 63. and when the pattern detection block 72 
detects the signal pattern which causes the peak shift, 
the time interval of the peak detection signal is appropri- 
ately corrected. Accordingly, the peak shift can be cor- 
rected with inexpensive construction without the use of 
the differentiator 5, the integrator 6, and the direct current 
generator 7 of the prior art 

Further, the pattern detection block 72 detects the 
signal pattern which causes the peak shift, discriminat- 
ing between two groups of signal patterns which cause 
the signal to shift forward and backward, and the time 
interval of the signal is corrected for each group by the 
pattern correction blocks 70 and 71 . This makes the con- 
struction simple, eliminating the pattern correction 
blocks for each of the signal pattern which causes the 
peak shift 
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Moreover, because the pattern correction blocks 70 
and 71 are provided among the shift registers 52 to 63 
and the time interval of the signal is corrected during 
transmission of the signal , the correction of the time inter- 
val can be performed without any delay of the signal. 

Although in the embodiment described above, the 
signal pattern is detected in reference to the signal at the 
high level H outputted from the fifth stage of the shift reg- 
isters 52, 53, 62, and 63, the referred signal is not limited 
to the output from the fifth stage. The signal is not limited 
to the signal modulated in the MFM method, and the time 
interval in signals modulated in other methods can be 
easily corrected when the signal pattern to be detected 
by the pattern detection block 71 is changed. 

FK3. 6 shows construction of a reference clock gen- 
eration circuit 75 in a preferred embodiment Reference 
character 76 denotes a pulse interval time measurement 
block. The pulse interval time measurement block 76 
receives a synchronizing signal SC supplied from the 
pattern detection block 72, and the reference clock signal 
CLK1 supplied from a resistance value control oscillator 
78, and counts a pulse time interval in the synchronizing 
signal SC. The count data is latched and supplied to a 
converter 77. The latched count data is stored until it is 
updated by the count data based on the synchronizing 
signal for the following sector. 

The converter 77 generates a resistance value 
based on the count data. The resistance value control 
oscillator 78 controls the frequency of the reference clock 
signal CLK1 , based on the resistance value from the con- 
verter 77, so as to make such frequency equal to the fre- 
quency of the synchronizing signal SC multiplied by, for 
example, 16. 

Accordingly, when the synchronizing signal SC is 
supplied in a short period or when its cycle is changed, 
the pulse interval is automatically measured, and it is 
possible to control the frequency of the reference clock 
signal CLK1 so as to make it equal to the frequency of 
the synchronizing signal SC multiplied by a predeter- 
mined number. 

The signal supplied to the reference dock generator 
is not only limited to the synchronizing signal played back 
from the magnetic storage medium, but can also be the 
other kinds of digital signals. 

The data separator 73 which receives the converted 
read signal RDC from the pattern correction block 71 
shown in FIG. 3. generates the data window signal WP, 
based on the reference clock signal CLK1 supplied from 
the reference clock generator 75. A data pulse is sepa- 
rated from the converted read signal RDC, based on the 
data window signal WP, so that a data pulse signal DP 
is generated. A data signal DT is generated based on 
the data pulse signal DP. 

As described above, when the peak detection circuit 
and the peak shift correction circuit are used in the 
recording playback apparatus or in the magnetic storage 
medium playback apparatus, these circuits allows a dig- 
ital signal to be accurately played back without trouble- 
some adjustment independently of the effects of noise 



or changes in frequency or in signal level of the playback 
signal. 

According to the present invention, the pulse interval 
of an input digital signal is measured based on the ref- 

5 erence clock signal provided from a resistance value 
control oscillator, the resistance value of the resistance 
value control oscillator is varied, and the frequency of the 
reference dock signal is set equal to the frequency of the 
input dgital signal multiplied by a predetermined 

w number. 

Accordingly, when the input digital signal is supplied 
over a short period of time or Hs cycle is changed, the 
pulse interval is automatically measured, and it is possi- 
ble to control the frequency of the reference clock signal 

is in order to make it equal to the frequency of the input 
signal multiplied by the predetermined number. 

ft will be obvious to those having skill in the art that 
many changes may be made in the above-described 
details of the preferred embodiment of the present inven- 

20 tion. The scope of the present invention, therefore, 
should be determined by the following claims. 

Claims 



25 1. A reference dock generation circuit comprising: 

a resistance value control oscillator for gen- 
erating a reference clock signal; 

time measurement means for measuring an 
pulse interval in an input digital signal, based on said 
30 reference clock signal; 

resistance value variable means for varying 
said resistance value, based on said pulse interval 
measured by said time measurement means; and 
control means for controlling the frequency of 
35 said reference clock signal so as to make said fre- 
quency equal to a frequency of said input digital sig- 
nal multiplied by a predetermined number. 
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